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Abstract 
As noise is a basic contributor to the evaluation of an environment, the indoor environment of a 
nursing home (where residents are provided with 24-hour functional support and care) is studied 
with this focus. General research results, as indicated from a literature review, are limited up till 
now. Using quantitative and qualitative methods five nursing homes in Flanders were studied before 
and after acoustic interventions. Sound levels were measured in individual bedrooms, living rooms 
and corridors to obtain the typical levels during a day. Acoustic intra-room performance parameters 
(reverberation time) and inter-room performance parameters (airborne noise insulation level and 
impact noise insulation level) were measured and compared with Belgian target values. The post 
operam measurements indicated the potential of the acoustic interventions (use of acoustic 
curtains, wall and ceiling panels, ventilations grills, floating floors) to improve the building 
performance and the acoustic climate. From a qualitative viewpoint, the thematic analysis of staff 
response to the acoustic interventions indicated direct positive outcomes (e.g., more pleasant, 
quieter indoor soundscapes) with both positive and negative outcomes from perceived indirect 
effects (i.e., non-acoustic factors). 
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1. INTRODUCTION 
The acoustic environment of care facilities for older adults is receiving increasing attention from 
both researchers and practitioners because of the importance that ageing-related issues are gaining 
in our societies and the challenges they pose. Previous studies have focused both on the perception 
(van den Bosch, Andringa, Başkent, & Vlaskamp, 2016; van den Bosch, Andringa, Post, Ruijssenaars, 
& Vlaskamp, 2018), as well as physical aspects of the acoustic environment of such spaces (Wiratha 
& Tsaih, 2015; Thomas, et al., 2018). It is crucial to define the influence of acoustics for the everyday 
experience of nursing homes (Aletta, et al., 2017a), both for the residents and the staff members, 
due to the considerable amount of time they spend in these environments (Aletta, et al., 2018a; 
2018b; Vander Mynsbrugge, Van de Velde, Aletta, Botteldooren, Devos, & De Vriendt, 2018). This 
study is part of a research project, which aims at improving the acoustic environment in nursing 
homes in Flanders, particularly for people with dementia, and ultimately at providing architects and 
decision makers with a broad range of possible acoustic solutions for the organization and 
optimization of new or existing nursing homes. 
It is worth highlighting that the definition of nursing homes might vary between countries. For 
Belgium, this should be generally understood as “public or private facility with a domestic-styled 
environment that provides 24-hour functional support and care for persons who require assistance 
and who often have complex health needs and increased vulnerability” (Sanford, et al., 2015). For 
other countries, a broader definition of long-term care facility (LTCF) for older adults might apply, 
but in the context of this study, the facilities will be referred to as nursing homes as an equivalent 
for LTCF. 
 
1.1. Acoustic requirements in Nursing Homes: Normative context 
In most European countries, acoustic regulations or guidelines exist for residential and non-
residential buildings aiming to provide good acoustic conditions for the residents, employees and 
users of the buildings. The requirements vary strongly from country to country, but are typically 
related to airborne and impact sound insulation, reverberation time, traffic noise and service 
equipment noise. However, not all countries have specific regulations for nursing homes. Standards 
and legislation in Germany and France for example only mention requirements for rooms in 
hospitals and sanatoria. 
In Belgium, the acoustic requirements for nursing homes are given by the national standards NBN S 
01-400 (Bureau of Normalization, 1977) and NBN S 01-401 (Bureau of Normalization, 1987). NBN S 
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01-400 provides criteria for the airborne and impact sound insulation between bedrooms and other 
rooms (corridors, technical rooms, other bedrooms, service rooms, etc.) in nursing homes. The 
criteria are given in function of Belgian categories which are not univocally related to the single 
number ratings DnT,w and L’nT,w of ISO 717-1 (International Organization for Standardization, 2013a) 
and ISO 717-2 (International Organization for Standardization, 2013b). For the airborne sound 
insulation between two bedrooms, between a bedroom and a corridor, and between a bedroom 
and a living room, a category IIIa is advised, which corresponds on average with a requirement DnT,w 
≥ 44 dB. For the impact sound insulation, a category IIa is advised between these rooms, which 
corresponds on average with a requirement L’nT,w ≤ 61 dB. NBN S 01-401 provides limit values for 
the sound levels caused by exterior sound sources (traffic, industry) and interior sound sources 
(neighbours, technical installations). This is particularly meaningful since, from the perceptual point 
of view, exterior and interior sound sources are likely to lead to different levels of annoyance in 
spite of their levels (Aletta, et al., 2017a). The maximum allowed A-weighted noise levels in living 
and resting spaces depend on the outdoor noise class. These standards are currently being revised 
in view of the present noise exposure as well as to the current desires with respect to acoustic 
quality, and will be replaced by a third part in the NBN S 01-400 series, prNBN S 01-400-3 (Bureau 
for Normalization, 2018). The new standard will give requirements in function of the single number 
ratings DA = DnT,w + C for airborne sound insulation and L’nT,w for impact sound insulation. Regarding 
airborne sound insulation, DA ≥ 50 dB is proposed between residents’ rooms and DA ≥ 54 dB between 
living rooms and residents’ rooms, which is significantly stricter than the current standard. On the 
other hand, the requirement between corridors and resident’s rooms is lowered (DA ≥ 38 dB). For 
impact sound insulation, the requirements stay almost the same between residents’ rooms and 
from corridors to residents’ rooms (L’nT,w ≤ 60 dB), but become more strict from living rooms to 
residents’ rooms (L’nT,w ≤ 50 dB). Furthermore, requirements will be given for the façade sound 
insulation, the service equipment noise and the reverberation time (T) in community rooms. 
While it is not the aim to give a general overview of the acoustical requirements in nursing homes 
in Europe, it could be useful to compare Belgian requirements with the requirements in some 
neighbouring countries in Western Europe. It is however not straightforward to compare limit 
values because different descriptors and single number ratings are used in different countries. The 
relationship between R’ and DnT depends for example on the ratio of the volume of the receiving 
room and the area of the separating wall or floor. The difference will however be limited to 1 dB for 
typical residents’ rooms in nursing homes. In the Netherlands, a requirement of R’w ≥ 52 dB and 
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L’nT,w ≤ 59 dB exist between residents’ rooms in healthcare facilities. In Norway, the airborne sound 
insulation R’w in care facilities has to reach 52 dB between residents’ rooms and between a resident 
room and a common room, and 34 dB between a resident’s rooms and corridors. The normalized 
impact sound level L’n,w must be limited to 58 dB in residents’ rooms from other residents’ rooms, 
common areas and corridors. The general requirements in Switzerland depend on the sound 
production in the source room and the acoustic sensitivity in the receiving room, which gives e.g. 
requirements of Di = DnT,w + C + CV ≥ 52 dB and L’tot = L’nT,w +CI+CV ≤ 53 dB between residents’ rooms, 
where the room volume correction term Cv = 0 dB for room volumes smaller than 200 m³. These 
examples show that the current requirements in Belgium of 1977 for the airborne sound insulation 
between residents’ rooms in nursing homes are low, while the new proposed requirements are in 
line with those of other European countries. 
 
1.2. Recent trends in soundscape research for nursing homes 
A commonly accepted definition of “soundscape” as reported in international standards is that of 
an “acoustic environment as perceived or experienced and/or understood by a person or people, in 
context” (International Organization for Standardization, 2014), which sets the focus on the fact that 
users’ perception must be central to the discourse. This approach is gaining momentum in the 
research panorama both for outdoor and indoor contexts (Aletta & Astolfi, 2018). For the 
management of the quality of the acoustic environments in nursing homes it might be particularly 
relevant, due to the specific implications sounds can have for older adults and/or people with other 
physical or cognitive impairment (van den Bosch, Andringa, Peterson, Ruijssenaars, & Vlaskamp, 
2016). In her work about soundscape in special needs care, van den Bosch (2015) highlights a 
number of points researchers and practitioners should pay attention to on this matter. Assuming 
that the main purpose of nursing homes is providing the best possible care for their 
residents/patients, the acoustics and the way it is perceived should be carefully considered by the 
management as the negative effects of bad acoustics can be expected to give stronger effects in 
people with specific cognitive impairments. On the other hand, van den Bosch argues that research 
in nursing homes (compared to other conventional care facilities) could provide an opportunity to 
understand more basic human sound perception mechanisms, as cognitively impaired older adults 
are less affected by higher cognitive processing of auditory events (van den Bosch, 2015; van den 
Bosch, Andringa, Başkent, & Vlaskamp, 2016). 
5 
 
Other researchers are also exploring new paths to put forward the management and design of 
soundscapes in nursing homes. Design strategies and practical insights for sound-based 
technologies in the context of dementia care are being considered in a number of projects and 
initiative worldwide. Devos et al. (2018) carried out a set of co-creation sessions with staff and family 
members of residents in nursing homes to manage the acoustic environments that residents would 
be exposed to. The sessions resulted in proposals for soundscape daily patterns, with alternation of 
existing sounds, added sounds and silence, which was delivered via a network of loudspeakers in 
bedrooms and living rooms. Work by the same authors subsequently highlighted that temporal 
patterns are indeed an important element to consider when “designing a soundscape” for people 
with dementia in nursing homes to exploit its restorative potential for the residents (Devos et al., 
2019). Houben et al. (2019) organised three workshops in nursing homes to explore personal 
experiences evoked by soundscapes for people in early stages of dementia, using a device 
developed for the purpose (“dementia soundboard”), and to provide insights into how everyday 
sounds triggered personal associations, memories of the past, and emotional responses. However, 
sometimes these soundscape studies are not informed by proper acoustic measurements 
campaigns carried out in context, and/or make limited use of related room and building acoustics 
data. One of the aims of this study is indeed to overcome this methodological limitation. In general, 
compared with other possible environmental factors supporting “healing spaces” (e.g., light, smell, 
temperature), the research attention given to soundscapes has been limited in nursing homes. 
 
1.3. Overview and research context of the AcustiCare project 
The present study was conducted within the AcustiCare project (led by Ghent University and 
Artevelde University College), which has a focus on the group of older people with dementia living 
in nursing homes and experiencing behavioural and psychological symptoms of dementia (BPSD). 
Dementia is a broad term; persons with dementia (PwD) experience a wide range of symptoms 
including decline in memory and/or other cognitive skills, which are severe enough to reduce a 
person’s ability to perform everyday activities. The presence of BPSD can be typically observed in 
more severe stages of dementia. BPSD are considered as a characteristic of dementia but it is also 
known that the environment, and consequently the acoustic environment, serves as a trigger for 
BPSD. BPSD have a great impact on the quality of life of persons with dementia and their social 
contacts such as family and friends, but also on the health professionals working with persons with 
dementia, and consequently also on the quality of work of those professionals. While no specific 
6 
 
lower or upper age limit was set for residents of the nursing homes to be included in the project, it 
seems fair to assume the concept of “older adult” (ca. 60 years or older) would apply in any case. 
The project has four overarching goals, which it aims to achieve by exploiting the potential of 
acoustic and soundscape design; namely: (1) increasing the quality of life of the persons with 
dementia in the nursing homes; (2) reducing the insurgence of BPSD; (3) reducing the use of 
psychoactive drugs; and (4) reducing the stress of care staff. 
Five different nursing homes, partners of the project consortium, were selected as case study. The 
selection consisted of a mix of both recently built facilities as well as renovated facilities dating from 
the end of the 20th century. Other partners of the project included acoustic consultants, 
manufacturers of acoustic materials and solutions, architectural and design firms and a national 
agency for the building industry (http://www.acusticare.be/). 
In the context of this project, the approach to achieve the aforementioned general goals was 
twofold: on one hand it was decided to deploy a number of technical solutions that would enhance 
the objective acoustic comfort (in terms of sound insulation and room acoustics performance of the 
facilities); on the other hand, a number of active soundscape design interventions were carried out, 
but these are not within the scope of this paper and have been considered in other publications 
(Aletta, et al., 2017a; Devos, et al., 2018). 
 
1.4. Objectives 
This study aimed at making a demonstration of the improvements that can be achieved in nursing 
homes for the acoustics of such spaces, and assessing their effectiveness both in terms of objective 
measures and in terms of “perceived improvement”, through analysis of the feedback gathered 
from staff members immediately after the interventions, thus combining a quantitative and 
qualitative methodological approach. Research on the acoustics of nursing homes has been limited 
so far, and for this reason a search of previous studies in the literature and their main results was 
also considered, to provide some context and background for this study. Thus, in Section 2, a small-
scale systematic review of the literature is presented to see what studies performed acoustic 
interventions in care facilities for older adults and monitored the acoustic environment in the ante 
and post operam conditions. In Section 3, the AcustiCare project and its case study with five nursing 
homes is briefly introduced and their current situation in terms of acoustic comfort is considered. 
The acoustic interventions are described and objective improvements reported. Subsequently, in 
Section 4 the methodology for gathering staff feedback on the acoustic intervention and its main 
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outcomes are reported. In Section 5 the outcomes of the literature review are discussed, as well as 
the effectiveness of the acoustic interventions of the case study, both objectively measured and 
perceived by staff. 
 
2. REVIEW OF THE LITERATURE ABOUT ACOUSTIC MEASUREMENTS IN NURSING HOMES 
While the acoustics of hospitals and other critical care units (e.g., intensive care units, prenatal care 
units, etc.) has received considerable research attention (see, for instance: Xie, Kang, & Mills, 2009; 
Xie & Kang, 2012), fewer studies have focused on the specific context of nursing homes, in spite of 
the growing relevance of these care settings in our societies (van den Bosch, 2015). 
Considering the descriptive aims of the current paper, there was no pre-defined protocol 
registration. The basic process and data extraction forms were agreed upon at the beginning of the 
review work. The study was performed and reported in accordance with the PRISMA guidelines for 
systematic reviews (Liberati, et al., 2009). The overall aim was to gather information about studies 
that would consider any type of room and building acoustics measurements in care facilities for 
older adults. 
 
2.1. Search strategy, eligibility criteria and data extraction 
Studies were selected if they collected data in care facilities for older adults about acoustic metrics 
related to sound quality and acoustic comfort; within the framework of this review, these metrics 
would include: background noise levels (e.g., equivalent continuous sound pressure levels, N-
percent exceedance levels, etc.), room acoustic parameters (e.g., reverberation time, speech 
transmission index, clarity, etc.) sound insulation (either airborne, impact or façade insulation) 
parameters (e.g., standardized level difference, standardized impact sound pressure level, etc.). 
The specific inclusion criteria for the studies were: (1) including at least one measurement of sound 
quality or acoustic comfort metrics as per the following international standards: ISO 1996-1:2016 
(International Organization for Standardization, 2016) ISO 16283-1:2014/Amd.1:2017 (International 
Organization for Standardization, 2017) ISO 16283-2:2018 (International Organization for 
Standardization, 2018) ISO 16283-3:2016 (International Organization for Standardization, 2016) ISO 
3382-2:2008 Acoustics (International Organization for Standardization, 2008); (2) having the 
measurements focus on care facilities dedicated to older adults (nursing homes or any other 
geriatric department); (3) being peer-reviewed journal articles published in English. 
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Studies were identified by searching Scopus® and PubMed database, by manually scanning the 
reference lists of retrieved items and through consultation with experts in the field. The following 
search script was used: (TITLE-ABS-KEY("noise measurement*") OR TITLE-ABS-KEY(acoustic*)) AND 
(TITLE-ABS-KEY("care facilit*") OR TITLE-ABS-KEY("nursing home*")) AND DOCTYPE(ar). The search 
was applied between 1st January 1957 and present. The last search was performed on 31st January 
2019. 
The eligibility assessment of the studies was performed independently in a non-blinded 
standardized manner by two reviewers; a few disagreements between reviewers about 
inclusion/exclusion of some items were resolved by consensus. Information was extracted from 
each included study on: (1) the type of acoustic measurements performed, and the corresponding 
metrics; (2) the type of care facility where the study was performed; (3) the functional spaces within 
the care facilities where the measurements were performed (4) the type of intervention (if any) for 
acoustic correction implemented; (5) the type of monitoring performed, in terms of temporal 
coverage and resolution; and (6) the main outcomes of the study, in terms of compliance with 
recommendations and/or effectiveness of the intervention. Considering the unresolvable 
differences in the metrics and approaches across the selected studies, statistical and quantitative 
meta-analyses were not possible. Consequently, a qualitative approach to data synthesis was 
adopted. 
 
2.2. Results of the literature review 
The search through the two databases and the additional manual search returned 118 results. No 
duplicates were identified, so the titles and abstracts of the retrieved items were screened and 103 
records were excluded because the topic of the paper was not relevant. The full-texts of the 
remaining 15 papers were accessed and 11 of them were excluded because they failed to meet one 
or more of the eligibility criteria; the remaining four papers were included in the review. Figure 1 
summarises the selection process of the review records. 
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Figure 1 - Flow of information through the different phases of the systematic review. 
 
Table 1 shows the data extracted from the four studies considered in the review, reported according 
to the chronological order of publication. Two studies (Aletta, et al., 2017b; Peng, Zeng, Zhao, & 
Zeng, 2018) included both background noise levels and room acoustics measurements; there was 
no comparison between different conditions: the main aim was characterising the current acoustical 
situation of the facilities. The study by Brown et al. (2016) instead did not consider any room or 
building acoustics parameter, but included sound levels monitoring and an intervention aimed at 
reducing noise in the care facilities; whilst the study by Jerlehag et al. (2018) included both noise 
monitoring and reverberation time measurements. These last two studies reported on the effects 
of the proposed intervention between the ante operam and post operam conditions. The 
intervention in Brown et al. (2016) consisted of a campaign on noise awareness and the installation 
of a device for visual feedback on current noise levels. The intervention in Jerlehag et al. (2018) was 
not actually implemented, but only predicted via acoustic software simulation. 
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Table 1 - List of studies included in the systematic review in chronological order of publication. 
Reference Acoustic 
metrics 
measuremen
t 
Facility Monitored 
spaces 
Intervention Type of 
monitoring 
Main 
outcome(s) 
Brown et al. 
2016 
Leq-5min Hospital 
(geriatric 
ward) 
Shared areas Visual feedback 
on noise levels, 
awareness 
campaign 
Three times per 
day (quasi-
daily) over a 
period of nine 
months 
Noise levels 
were reduced 
from 62 to 53 dB 
after the 
intervention 
Aletta et al. 
2017b 
LAeq-15min, T Nursing 
Home 
Living rooms n/a - only 
monitoring 
24-hour 
monitoring for 
one week 
Noise levels 
ranged between 
54.6 and 64.9 dB 
and 
reverberation 
times between 
0.36 and 1.58 s 
Jerlehag et 
al. 2018 
LAeq-1min, 
LAFmax, T 
Hospital 
(geriatric 
ward) 
Patient rooms software 
simulated: 
absorbing ceilings 
24-hour 
monitoring 
Noise levels 
ranged between 
58.3 to 64.5 dB 
Peng et al. 
2018 
LAeq-day, LAeq-
night, EDT, T, 
C50, STI 
Nursing 
Home 
Living rooms, 
Dining rooms, 
Patient rooms 
n/a - only 
monitoring 
Single day-long 
measurement 
session 
Noise levels 
ranged between 
26.8 to 67.2 dB 
and 
reverberation 
times between 
0.36 and 1.86 s 
 
Brown et al. (2016) monitored equivalent continuous sound levels in a mental health ward for older 
adults at East London NHS Foundation Trust, in UK. This study included an intervention that did not 
include any specific noise control engineering solution, but was rather aimed at inducing staff 
behavioural changes through an awareness campaign about the positive effects of reducing noise. 
Staff meetings were held about quality improvement tools and methods to enable better 
engagement by all ward staff for the project. A poster was developed and placed in the ward to 
remind staff, patients, and carers of the benefit of reducing noise levels. Furthermore a visual 
reminder was installed consisting of a sound level meter associated to a red-yellow-green light 
system that would be activated depending on the sound levels (i.e., visual feedback). For the 
duration of the project (ante and post operam conditions), staff were instructed to download a 
calibrated smartphone sound level meter application and register sound levels at specific times and 
locations of maximal noise (such as mealtimes and in shared areas) over a period of five minutes, 
three times a day, for a period of nine months. The authors observed that sound levels reduced 
from 62 dB to 53 dB, after the installation of the poster and the visual feedback system. 
The study by Aletta et al. (2017b) was performed within the same project of the present work. 
Sensor nodes were installed in the living rooms, corridors and residents’ rooms of five nursing 
homes in Flanders, Belgium. The nodes continuously measured 1/3-octave band levels during a 
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typical week of activity of the nursing homes and the A-weighted sound equivalent levels were then 
calculated on a 15-min basis (LAeq-15min) for all data available, for each sensor node. The reverberation 
time (T) was also measured in the living rooms in accordance with the standard ISO 3382-2:2008 
(International Organization for Standardization, 2008). The results showed that both median sound 
levels and reverberation times varied greatly among the nine living rooms, ranging between 54.6 
and 64.9 dB for the former, and between 0.36 and 1.58 s for the latter. 
Jerlehag et al. (2018) measured the background noise and noise sources in the patient rooms of the 
geriatric ward of a university hospital in Liverpool, in UK. The acoustic measurements were carried 
out over a 24-h period in five typical rooms (one six-bedded, two four-bedded, and two single-
bedded rooms). The A-weighted equivalent (LAeq) and maximum Fast time-weighted sound pressure 
levels (LAFmax) were calculated: the overall 24-hour sound levels in the patient rooms ranged from 
58.3 to 64.5 dB. Within this research, the authors developed a case study to explore the effect of 
installing an absorbing suspended ceiling in the six-bedded room. The measured reverberation time 
at 1 kHz was 0.68 s. The computer simulations showed that absorptive treatments in the ceiling 
could lead to significant reductions in reverberation time (0.33 s, on average) and sound pressure 
level (2.9 dB, on average). 
Peng et al. (2018) monitored the background noise and measured a set of room acoustics 
parameters in 62 rooms (including living rooms, dining rooms and patient rooms) in 11 different 
nursing homes in Guangzhou, China. The background noise levels in the 62 rooms ranged from 26.8 
to 67.2 dBA (instant measures). The ranges for reverberation times (T), early-to-late sound ratio 
(C50) values, and speech transmission index (STI) values in these rooms were 0.36–1.86 s, −4.48 to 
9.67 dB and 0.47–0.81, accordingly. 
 
3. CASE STUDY OF THE ACUSTICARE PROJECT 
The following sections report on the case study developed in the five nursing homes of the 
AcustiCare project. In the context of this study the five facilities were coded as: LH, SJ, SV, SP, and 
VH. The building characteristics and architectural features of the facilities in terms of materials and 
technology varied considerably among the five sites with structures in concrete built (or renovated) 
across a relatively long span of time, ranging from the early 1980s to late 2010s. Typically in multi-
storey facilities, the departments of interests for this project, hosting people with dementia, were 
allocated on different floors of the buildings (ground floor in three cases, upper floors in the 
remaining two). On the other hand, the layout of the departments would typically see a living room 
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with a kitchen and a care staff space/office connected to a corridor with bedrooms for the residents 
on the side(s). 
Section 3.1 reports the outcome of the ante operam measurements campaign. This consisted of 
both a medium-term monitoring of the sound pressure levels in different spaces of the facilities, 
and an assessment of the building acoustics performance in terms of reverberation time and sound 
insulation parameters. Subsequently, Section 3.2 describes what kind of interventions were 
implemented for acoustic correction and provides an overview of the enhancements achieved 
between the ante and post operam conditions. 
 
3.1. Characterization of the acoustics in the nursing homes prior to interventions 
In order to characterise the overall acoustic environment of everyday life spaces in the nursing 
homes cost-effective sensor nodes were installed in several spaces to monitor noise levels. Three 
types of spaces were considered: corridors (i.e. transition and functional spaces, as well as junction 
spaces between these and the living rooms), living rooms (i.e. common areas where groups of 
residents spend most of their day time and often have breakfast, lunches and dinners in) and 
bedrooms (i.e. individual rooms where residents stay alone or sometimes in couple, typically 
connected to the living rooms via corridors). Five nodes for each of the three space types above 
were considered for this study (15 nodes in total) with three nodes in each of the five nursing homes. 
Nodes were installed far from specific noise sources (e.g. equipment, doors, etc.) to avoid 
misrepresentation of the noise levels, but close enough to be representative of the activities 
typically taking place in such spaces. The nodes measured 1/3-octave band levels continuously (125 
ms temporal resolution). The monitoring intervals considered were from 07:00 am of a Monday to 
07:00 am of a Friday, during a typical week of activity in the nursing homes, between December 
2016 and February 2017. The rationale for monitoring weekdays only was that during weekends the 
functioning of the nursing homes does not always follow the same pattern: visitors for residents are 
more frequent, exceptional activities are more likely to happen, changes in staff members 
attendance may occur. Under such circumstances sound pressure levels (SPLs) trends might express 
different acoustic climates, which might not necessarily be representative of normal working 
conditions, and most crucially may be out of the control possibilities of the nursing homes 
management. Data were sent over the internet to the Ghent University server infrastructure. The 
A-weighted sound equivalent levels were then calculated on a 15-minute basis (LAeq-15min) for the 
reference intervals, for each sensor node (Aletta, et al., 2017a; 2017b). The A-weighted sound 
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equivalent levels were then averaged according to the types of spaces and to the nursing homes. 
Figure 2 shows the sound levels as a function of time, aggregated for nursing homes and days of 
monitoring. In terms of daily pattern it can be observed that during the nights, levels are higher in 
the bedrooms and lower in the corridors and the living rooms: bedrooms are indeed occupied, living 
rooms are empty and there could be some staff occasionally moving in the corridors (e.g. night shift, 
care to residents). For most parts of the day, the levels in the bedrooms are lower because residents 
(and staff) are typically present in the living rooms; the levels of the corridors are lower than the 
living rooms, but follow more or less the same pattern because those spaces are often connected. 
After dinner, the levels in the living rooms drop because residents go back to their bedrooms and 
there is more activity in the corridors because of the shift-change and staff preparing for the night. 
 
 
Figure 2 - Daily patterns of the sound levels aggregated across nursing homes for the different types of spaces (left) and their 
overall distributions (right) 
 
In Figure 3, levels are presented for each nursing homes, aggregated for times and types of space. 
It can be observed that two nursing homes are slightly noisier than the others, which instead have 
median levels ranging between 45 dB and 50 dB. Such differences are likely to depend on the specific 
sound sources present in each nursing home and possibly different behaviours of both staff and 
residents. 
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Figure 3 - Distributions of sound levels in the five nursing homes of the project aggregated over time and types of space; the 
median levels are represented by the black ticks in the boxes indicating also the 2nd and 3rd quartiles. 
 
Additionally to determining typical sound pressure levels, a set of measurement campaigns was 
organized with the support of different acoustic consultants (AcustiCare project partners) to 
characterise the building acoustic performance of the different nursing homes. Airborne noise 
insulation was measured in terms of standardized level difference DnT (International Organization 
for Standardization, 2017), between living room and residents’ rooms (5 cases), corridor and 
residents’ rooms (12 cases), between residents’ rooms (15 cases for rooms on the same floor and 3 
cases for rooms vertically stacked). Impact noise insulation was measured in terms of standardized 
impact sound pressure level L’nT (International Organization for Standardization, 2018) between 
living room and residents’ rooms (3 cases), from corridor to residents’ rooms (9 cases) and between 
residents’ rooms (12 cases for rooms on the same floor and 3 cases for rooms vertically stacked). 
Further to these measures, which mainly describe sound transmission and propagation through 
building elements, the reverberation time was measured as a proxy for the acoustic comfort inside 
the room. Reverberation time values were determined according to (International Organization for 
Standardization, 2008) in 17 different residents’ rooms, 11 living rooms and 4 corridors. To enable 
rating based on a single-value parameter, DnT, L’nT values are converted to their weighted equivalent, 
DnT,w(C,Ctr) and L’nT,w(Ci) (International Organization for Standardization, 2013a; International 
Organization for Standardization, 2013b) while T500Hz–2kHz is used as a representative indicator for 
the reverberation time. A summary of the results is given in Figure 4 and average values with 
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standard deviations are given in Table 2 and Table 3. The current Belgian target values are indicated 
as well and are stated as DnT,w ≥ 44 dB and L’nT,w ≤ 61 dB. These target values, defined by NBN S 01-
400, are currently under revision and there is a broad consensus in the national sector that they 
should be regarded as minimal target values for normal acoustic comfort. The target value T500Hz–
2kHz = 0.8s for living rooms and T500Hz–2kHz = 1.2s for corridors is based on values proposed in (Flemish 
Government, 2010). In the current draft of prNBN S 01-400-3, no specific reverberation time 
requirements are given for corridors. For community rooms, a value Tnom < 1 s is proposed, with Tnom 
defined as the average reverberation time in the octave bands of 500 Hz, 1000 Hz and 2000 Hz, 
obtained using the procedures of (International Organization for Standardization, 2008). 
 
Table 2 – Average acoustic performance in nursing homes: mean values and standard deviations of DnT,w(C,Ctr) and L’nT,w(Ci) 
  μDnT,w(μC, μCtr) σDnT,w μL’nT,w(μCi) σL’nT,w 
Residents’ room to room (same floor) 49.7(-1.3;-4.3) dB 6.3 dB 56.7(-6.6) dB 6.8 dB 
Residents’ room to room (different floor) 53.3(-1.0;-5.3) dB 3.8 dB 63.7(-3.3) dB 2.1 dB 
Corridor to residents’ rooms 27.3(-0.8;-0.3) dB 3.0 dB 66.9(-9.2) dB 3.0 dB 
Living room to residents’ rooms 36.6(-1.2;-1.2) dB 12.0 dB 59.3(-10.7) dB 1.2 dB 
 
Table 3 – Average acoustic performance in nursing homes: mean values and standard deviation of T20;500Hz–2kHz 
  μT20;500Hz-2kHz σT20;500Hz-2kHz 
Residents’ rooms 0.55 s 0.19 s 
Corridors 1.09 s 0.71 s 
Living rooms 0.95 s 0.36 s 
 
Figure 4(a) shows that the target value of DnT,w = 44 dB is fairly met for airborne sound insulation 
between residents’ rooms, with DnT,w = 49.7 dB on average. In one case the condition is not met due 
to an acoustic leak originating from piping. In contrast to this, the target for the airborne sound 
insulation between corridor and residents’ rooms is not met. In this case, DnT,w = 27.3 dB on average. 
Here, the acoustic performance is mainly determined by the doors, which in most cases have 
ventilation slits at the bottom and bad acoustic sealing at the sides. The airborne sound insulation 
between living rooms and residents’ rooms depends on the relative location between living room 
and residents’ room. If the living room is a self-contained entity, with doors blocking sound 
propagation to the corridor, performance similar as between residents’ rooms is met. However, if 
the living room has an open structure, directly connected to the corridor, without any doors to block 
propagation, a performance similar as from corridor to residents’ room is seen. In our study, the 
latter has been most often encountered. 
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Results for L’nT,w are shown in Figure 4(b). In most cases the impact noise sound insulation between 
residents’ rooms on the same floor complies with the proposed standard, L’nT,w = 56.7 dB on 
average. Nevertheless, impact noise insulation for vertically stacked rooms did not meet the target 
proposal. However, care should be taken to draw general conclusions as only three cases were 
investigated. Regarding the impact sound insulation between corridor and residents' rooms, 
measured values were higher than the proposed value in almost every case. On average, we 
measured L’nT,w = 66.9 dB. It should be noted that measurements in this case are not only 
determined by the performance of the contact noise insulation of the floor, but also by an airborne 
contribution from the tapping machine due to low DnT-values. The impact sound insulation between 
living rooms and residents’ rooms was measured in three cases. All cases complied with the 
proposed target value. 
In Figure 4(c) the reverberation time T500Hz–2kHz is given. For residents' rooms, no target value was 
given by the Belgian standard, as acoustics is mainly determined by the furnishing of the room. 
However, from measurements in 17 residents' rooms, an average T500Hz–2kHz = 0.55 s is found. T500Hz–
2kHz is lower than 0.8 s in almost every room. No such conclusion can be drawn for T500Hz–2kHz 
measured in living rooms. In most of the cases the target value is not met and although the average 
T500Hz–2kHz = 0.95 s, a large standard deviation of 0.36 s is seen, indicating that large differences occur. 
Lowest values were measured at the smallest living rooms (with absorption present), while highest 
values were measured in large living rooms with limited absorption. Additionally, measurements of 
T500Hz–2kHz were performed in four corridors. For two corridors results are below the target value of 
1.20 s. However, in two other corridors, with acoustically hard materials, this target value is 
exceeded, and values up to 1.83 s were measured. 
 
 
Figure 4 - Building acoustic performance measured in the five nursing homes, ante operam: DnT,w (a), L’nT,w (b), and T500Hz–2kHz (c). 
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3.2. Improvements of the acoustic comfort in the nursing homes 
From each of the five nursing homes, a specific case study was selected to deploy an acoustic 
intervention. In most cases it was opted to improve the situation with the worst acoustic 
performance. However, the purpose was not the solving of all situations with low-quality acoustic 
performance, but rather demonstrating a variety of different acoustic solutions to the participating 
partners of the project. Interventions focused on (1) improving the building performance (reducing 
noise propagation to residents’ rooms) and (2) improving the acoustic climate by reduction of the 
reverberation time. When reducing the noise propagation to residents’ rooms, focus was put on 
acoustic interventions which reduce the sound propagation from living room and corridor to 
residents’ rooms, rather than between rooms since previous results showed that in most cases 
(airborne) sound insulation between residents’ rooms already complies with the targets defined in 
the current Belgian standards. First, two interventions were installed that directly improve the noise 
insulation problem originating from acoustic leaks by the doors. In SV acoustic curtains of ShowTeX 
were installed near the entrance of the room, creating a small ante-chamber as an extra buffer 
between corridor and the resident’s room (Fig. 5(a)). Installation of this curtain improved the DnT,w-
value with 11 dB. In LH, a large ventilation grill in the door of a resident’s room was replaced by an 
acoustic ventilation grill by DOX-Acoustics and absorbing panels (Gyproc) were installed in the 
corridor leading to the entrance of the room (Fig. 5(b)), accounting for an extra 5dB increase of DnT,w 
in total. 
Secondly, interventions were taken to reduce propagation (of noise from living rooms) through 
corridors to residents' rooms. In SJ absorbing panels were installed by DOX-Acoustics on the walls 
(2m2) and ceiling (four panels, 2.88 m2 in total) of the 12m-long corridor (Fig. 5(d)), not only reducing 
reverberation time T500Hz–2kHz, but also reducing the propagation of noise by 2.5 dBA on average. In 
SP, five absorbing panels of Triplaco (5* 5.63m2) were installed along a 26.5m-long corridor 
connecting residents' rooms with two living rooms at each side of the corridor (Fig. 5(c)). Aside from 
the reduction of T500Hz–2kHz, an additional decay of 3dBA was achieved at the end of the corridor. 
Thirdly, interventions were taken to reduce generation of noise in living rooms and propagation to 
nearby residents’ rooms. As an illustration on how to improve the impact sound insulation, a floating 
acoustic floor (Moduleo) was installed in VH, on top of the floor of a living room and corridor nearing 
a resident’s room (Fig. 6(a)). A reduction of L’nT,w with 12 dB was achieved. In the same area covered 
with the acoustic floor, absorbing ceilings (Gyproc) were also installed. The main effect of this 
intervention was seen for the reverberation time. 
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Figure 5 – Overview of the acoustic interventions in the residents’ rooms and corridors: a) acoustic curtain (ShowTex) in a resident’s 
room in SV; b) acoustic ventilation grill (DOX-Acoustics) and absorbing wall panels (Gyproc) in LH; c) corridor with absorbing wall 
panels (Triplaco) in SP; corridor with absorbing wall and ceiling panels (DOX-Acoustics) in SJ. 
 
 
Figure 6 – Overview of the acoustic interventions in the living rooms: a) dining room with absorbing ceiling panels (Gyproc) and 
acoustic floating floor in VH; b) living room with absorbing ceiling panels (DOX-Acoustics) and wall panels (Gyproc) in LH. 
 
For the improvement of the acoustic climate, i.e. the reverberation time, focus was put on the living 
rooms (target value for T500Hz–2kHz = 0.8 s) and corridors (target value for T500Hz–2kHz = 1.2 s). For 
residents' rooms previous measurements showed acceptable typical values for T500Hz–2kHz (0.55 s on 
average) and therefore little correction is needed. In VH a living room (consisting of two parts - a 
dining area and seating area) with a hard plaster ceiling was equipped with 110 m² of acoustic 
gypsum tiles from Gyproc (in addition to the floating acoustic floor – of Moduleo) (Fig. 5(a)). In the 
dining area a reduction of T500Hz–2kHz from 1.18 s to 0.91 s was achieved - still slightly higher than the 
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target value of 0.8 s, while in the seating area a reduction from 0.91 s to 0.39 s was obtained. A 
second living room in LH was treated with six absorbing ceiling panels by DOX-Acoustics (14.4 m2 in 
total) and 1.44 m2 of absorbing wall elements of Gyproc (Fig. 6(b)). Here, a reduction in T500Hz–2kHz 
from 1.3 s to 0.57 s was found. Furthermore, two corridors, one in SJ (absorbing panels were 
installed by DOX-Acoustics) and one in SP (five absorbing panels of Triplaco) have been selected (see 
above). In SJ the reverberation time was reduced from T500Hz–2kHz = 1.66 s T500Hz–2kHz = 0.97 s, while 
in SP a reduction from T500Hz–2kHz = 1.73 s to T500Hz–2kHz = 0.97 s was seen. Table 4 shows a summary 
of the acoustic improvements for the different parameters under investigation. 
In order to gather further insights into possible medium-term effects of the acoustic treatments on 
the overall acoustic environment, similar sensor nodes as in Section 3.1 were installed to monitor 
noise levels after the installations. Two cases were selected as examples: the corridor-living room 
connection in VH (where acoustic floor and absorbing ceilings have been installed in the living room 
area) and the bedroom in SV (where an acoustic curtain has been installed close to the door to shield 
the bed area from the adjacent living room). The monitoring intervals ranged from 07:00 am of a 
Monday to 07:00 am of a Friday, during a typical week of activity in the nursing homes, between 
November and December 2017, in order to match a similar monitoring interval as per the pre-
intervention situation. Considering the 15-minute LAeq-values calculated from the sensor nodes, 
statistical tests were performed to analyse potential differences between the ante and post 
conditions, for both the corridor-living room and bedroom cases. Thus, “acoustic treatment” was 
defined as a two-level categorical variable (i.e. ante and post). 
 
Table 4 – Summary of the acoustic improvements 
DnT,w(C;Ctr) ante operam post operam 
Acoustic curtains (resident’s room - SV) 29(-2;-1) dB 40(-1;-4) dB 
Acoustic ventilation grill + wall panels (resident's room - LH) 20(-1;-1) dB 25(0;-1) dB 
LnT,w(Ci)     
Floating floor (living room - VH) 61(-13) dB 48(-3) dB 
Floating floor (dining room - VH) 59(-11) dB 47(-4) dB 
T20;500Hz-2kHz     
Wall/ceiling panels (corridor - SJ) 1.66 s 0.97 s 
Wall panels (corridor - SP) 1.73 s 0.97 s 
Floating floor + ceiling panels (living room - VH) 0.91 s 0.39 s 
Floating floor + ceiling panels (dining room - VH) 1.18 s 0.91 s 
Wall/ceiling panels (living room - LH) 1.30 s 0.57 s 
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Two independent-samples Kolmogorov-Smirnov tests were performed to check whether the noise 
levels' distributions (N=768) were the same across the two categories of the acoustic treatment 
variable. Statistically significant differences were observed for both the corridor-living room case (D 
= 1.479, p = 0.025) and the bedroom case (D = 2.165, p <0.001). Figure 7 presents the noise levels 
distributions in the ante and post condition, for the corridor-living room and bedroom cases, 
accordingly. For the former case, it can be observed that the distributions have a similar shape with 
a slight shift (a couple of dB) towards the “quiet”, in the 40–65 dB range. For the latter, the 
distributions look substantially different with many levels' occurrences, shifting from the extremes 
(quiet and loud) to the central part of the levels' range (50–65 dB). In both cases, the distributions 
show some “bi-modal” patterns, with most of occurrences in the quiet or loud parts of the range. A 
possible explanation for this is that both types of spaces are only used in some moments of the days 
(and nights), thus silence is often experienced. 
 
 
Figure 7 – Noise levels distributions for the ante and post operam conditions in a corridor in VH (a) and a bedroom in SV (b) 
 
4. STAFF RESPONSE TO THE ACOUSTIC INTERVENTIONS 
In Section 3, the improvements achieved through the noise mitigation interventions in the nursing 
homes are quantitatively described in terms of room acoustics and sound insulation metrics. 
However, in order to get more insights into how the effectiveness of such interventions were (or 
were not) actually perceived, a more qualitative approach was sought and a group interview with 
staff members of the nursing homes was organised. The aim was collecting staff views on the 
(eventually) observed benefits provided by the acoustic interventions on the daily routine of the 
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facilities, and therefore to gather indirectly information on the residents’ behaviours too, which are 
difficult to measure. This part of the study was approved by the Commission for Medical Ethics of 
the Faculty of Medicine and Health Sciences at Ghent University (ref: 2016/1501 granted on Dec 
16th, 2016). Semi-structured interviewing approaches, such as group interviews and focus groups, 
are becoming a common method to collect data about the perception of acoustic environments or 
some of their components in everyday life spaces (Fiebig & Schulte-Fortkamp, 2004; Liu & Kang, 
2016; Yilmazer & Acun, 2018). 
 
4.1. Methodology for the qualitative data collection 
The present study was not only looking at the engineering side of the acoustic performance 
enhancement of the facilities, but also at the connected psychological effects that the deployed 
technical solutions could trigger. For this purpose, a feedback moment was organised through a 
group interview a couple of weeks after the implementation of the noise mitigation solutions in the 
nursing homes was finalised, to get an overview of the short-term observed effects. Seven staff 
members (2 Males, 5 Females; Age: M = 44.3, SD = 7.5; Years of service in their NH: M = 15.0, SD = 
6.9) from the five nursing homes of the project were invited to take part; there was at least one 
member from each nursing home, one nursing home participated with three people. Furthermore, 
additional feedback was gathered occasionally from individual staff members in follow-up meetings. 
Participants were directors, care coordinators, head nurses or occupational therapists responsible 
for people with dementia in the nursing homes. The rationale for participants’ selection was having 
a group with a relatively common background, but not necessarily the same duties and 
responsibilities in the facilities. In particular, preference was given to the contact persons of the 
project and/or staff with more managerial/supervision roles. It was assumed they were likely to 
provide useful insights and from a broader point of view compared to bedside staff; nevertheless, 
they were also expected to gather insights from the perspective of the bedside professional to have 
informed input in the group interview. For this reasons, it seems fair to assume that controlling for 
personal factors (e.g., gender, age, sound preferences, working patterns, etc.) for bedside staff 
would not have been necessary. Participants of the focus group were not bedside staff, but rather 
worked in coordination roles, thus their feedback was already “mediating” the information gathered 
from staff in closer contact with residents and their family members. 
The session took place in a meeting room of the Artevelde University College in Ghent, Belgium. 
One researcher coordinated the discussion asking open questions while two more researchers 
22 
 
participated to support the moderator by passing small notes and/or drawing the attention to 
specific aspects of the discussion (e.g. highlighting certain non-verbal signs), but they didn’t actively 
intervene in the discussion.  
After verbally obtaining informed consent, the researchers described the reasons for the focus 
group interview; they answered any interviewees’ questions, and started audio-recording the 
interview. The audio files were transcribed verbatim, translated in English, and then checked for 
data accuracy comparing with the original Dutch transcription (Park & Lee, 2019). 
The main questions asked by the researchers were: “How do you think the acoustic intervention in 
your nursing home performed?”; “How do you think this affects the experience of staff and 
residents?”; “How do you think this affects the visitors of the residents?”. Participants had the 
opportunity to express their views and exchange ideas on a number of points. Since the questions 
were open-ended, participants could report their personal experiences, thoughts, and feelings using 
their own terms and in an unstructured fashion. The session lasted approximately 45 minutes: the 
researchers conducted the focus group and kept the discussion alive until they were confident that 
data saturation had been reached and no new concepts were emerging (Glaser, 1992). 
 
4.2. Main outcomes of the staff feedback 
The transcription of the group interview was coded using general concepts that could help to define 
what the main perceived effects of implementing the noise mitigation solutions in the nursing 
homes are. Since the staff members from the five facilities were interviewed simultaneously, and 
participants could discuss at any time about any facility, the outcomes of the interview are not 
reported separately, but the analysis was rather aimed at integrating them to identify common 
themes. Thematic analysis is becoming an increasingly important methodological approach in 
sound-related studies. According to this method, data collection relies on a number of questions to 
be asked by the researcher(s) to the participant. The transcription of the interview is considered as 
the raw data. English transcriptions in this case were coded manually, line by line using the 
interviewees’ own words and immediate expressions. The first stage of data analysis is called “open 
coding”: the researchers define the codes through conceptualised ideas. These are constantly 
compared with newly emerging concepts. Data collection and analysis were being carried out in 
parallel, thus this was an iterative process (Park & Lee, 2019). The second stage of data analysis is 
called “axial coding”: the researchers group the concepts with descriptive labels into categories. 
These are then linked to themes, which constitute the basis for the interpretation of the results. 
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Table 5 reports a few examples of the abovementioned process, where some excerpts from the 
participants’ transcriptions are coded and categorised. Categories such as “Positive effects in the 
room related to the acoustics”, “Positive effects on the person related to the acoustics”, “Positive 
effects on staff”, and “Positive effects on visitors” were themed as “Direct Acoustic Effect (positive)”. 
Thus, no negative direct acoustic effect emerged. Categories such as “Indirect, non-intentional 
positive effect on residents” and “Indirect, non-intentional positive effect on the staff” were themed 
as “Indirect Acoustic Effect (positive)”. However, for the latter case (indirect effects), an “Indirect 
Acoustic Effect (negative)” was identified, which was composed of the categories “Indirect, non-
intentional negative effect on the staff” and “Indirect, non-intentional negative effect on the 
residents”. Finally the thematic analysis also suggests that a higher-order indirect effect of the 
acoustic intervention might also be happening in a “reinforcement” context, where staff members 
triangulate information with residents and visitors and positive feedback triggers a process of 
establishing a belief and/or encouraging a pattern of behaviour (i.e., in this case: the acoustical 
intervention is effective and people re-act accordingly because this belief is “convincing” and 
confirmed by others). 
The group reported about a noticeable change after the implementation of the noise mitigation 
interventions: “Since the curtains have been placed, we noticed that the group and atmosphere in 
the living room is much calmer” was one of the quotes. The other staff members gave similar 
feedback: “The effects within the group of residents were very noticeable in the way that it’s more 
enjoyable / pleasant certainly when taking into account the number of persons in the group”, “The 
colleagues noticed a difference in their own behaviour and feelings, I’m convinced that this also 
influences the behaviour of the residents, and you also give this through to your residents”. To some 
extent, the group interview participants also tried to make anticipations on long-term scenarios and 
expressed some concerns about the possibility of habituation effects to occur for staff, with respect 
to the perceived effectiveness of the acoustic intervention. More specifically, the group questioned 
whether the feedback was positive because the correction had just been implemented and the 
change was noticeable by contrast, and whether the perceived benefit provided by the intervention 
will stay in the future and/or be compatible with the functioning of the facility. 
Overall, two main recurring themes were identified, which are: (1) Direct acoustic effect - the 
perceived direct effects of the interventions (i.e., those being related to the change in the acoustic 
environment itself); and (2) Indirect acoustic effect - the perceived indirect effects of the 
intervention (i.e., those not having direct acoustic implications). Direct effects were observed both 
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for the persons with dementia but also for the staff. The residents seemed to be more relaxed, less 
agitated and nervous. Examples given included staff being more relaxed during, for instance, the 
moments they were washing and taking care of the personal hygiene of the residents. This had, 
according to them, also an additional effect on the residents who in turn became more relaxed. The 
staff also mentioned the big difference between the acoustically retrofitted places and other spaces 
of the facilities, stressing the fact that the habituation to the adaptation was very quickly 
accomplished. However, besides the positive comments, also some remarks were made concerning 
the practical aspects and the esthetical aspects such as colour, prints, coating, maintenance 
friendliness and recognisability for the persons with dementia. Staff stressed the need for 
“normalisation” of the materials and wanted to have a voice in the decisions. 
In summary, Figure 8 provides a conceptual schematization of the thematic analysis of the feedback 
provided via the focus group after the noise mitigation interventions in the nursing homes were 
implemented. The perceived acoustic-related components resulted in more pleasant and quieter 
soundscapes and affected mainly the care givers (and the residents, as reported by them). The non-
acoustic related factors connected to the interventions resulted in both positive and negative 
perceived effects: visual and lighting aspects were often improved, but the new acoustic elements 
were also sometimes perceived as obstacles to performing some tasks and/or elements requiring 
additional maintenance. According to the staff members’ feedback, the visual innovation brought 
by the noise mitigation interventions would also be the most noticed by the residents’ visitors. 
 
 
 
 
 
Table 5 – Example of coding strategy for the thematic analysis: sample quotes from the focus group interview, with 
corresponding codes, categories and themes identified. 
Examples of text fragments from the focus 
group with professionals 
Code Category Theme 
“We really observed that there is less noise 
in the room” 
Less noise Positive effects in the 
room related to the 
acoustics 
Direct acoustic 
effect (positive) 
“We feel that residents become more 
relaxed since the acoustical atmosphere is 
quieter and less chaotic.” 
 
“The resident in room X (who resided 
always in her room) became more relaxed 
after placing a curtain between the room 
and the living room because she didn’t hear 
Becoming more relaxed 
because of the acoustical 
intervention 
 
Less noise 
Positive effects on the 
person related to the 
acoustics 
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the noises that came from the living room 
anymore.” 
“The staff observed the differences in the 
atmosphere within the residents’ room 
(during bathing, dressing, and meals).” 
Differences observed by 
staff 
Positive effects on staff 
“Visitors asked what was different in the 
room because they experienced a quieter 
atmosphere in the living room.” 
Differences observed by 
the visitors (unconscious). 
Positive effects on visitors 
“Resident X (who resided in her room all the 
time) became quieter and stopped yelling 
because of the less chaotic noises coming 
from the living room. That had an effect on 
the other residents; they were less annoyed 
by their cohabitant.” 
Other residents become 
quieter 
Indirect, non-intentional 
positive effect on 
residents 
Indirect acoustic 
effect (positive) 
“The nurses could spend more time on other 
things, instead of trying to find a solution 
for resident X who is very anxious and is 
yelling a lot.” 
Staff has time to do other 
things 
Indirect, non-intentional 
positive effect on the 
staff. 
“The acoustic material in the room created 
sometimes an unnatural sound 
environment (to clean, no noises, hollow 
sound…) to me.” 
Acoustic material created 
a negative feeling for the 
staff 
Indirect, non-intentional 
negative effect on the 
staff 
Indirect acoustic 
effect (negative) 
“Applying the acoustical correction, such as 
closing the door or closing the curtain 
requires sometimes extra actions from the 
staff members.” 
Extra actions to apply 
acoustical intervention 
“Closing the curtain created a situation in 
which the resident felt as being locked-in.” 
Acoustic material created 
a negative feeling for the 
residents 
Indirect, non-intentional 
negative effect on the 
residents 
“It became clear that there is an impact on 
the residents, on us as professionals and 
even on the visitors. Everyone notice a 
difference and this reinforces one-another.” 
Impact on professionals, 
visitors and residents 
 
Reinforcement of the 
three parties 
The effect of the 
acoustical 
accommodations is 
reinforced by the 
triangulation of separate 
experience by residents, 
staff and visitors 
Indirect acoustic 
effect 
(reinforcement) 
“Yet, it needs some attention that there is 
some kind of a habituation to the new 
features. We will have to see whether on 
the long run the advantages will remain 
and we will be able to adapt to the system.” 
Habituation 
 
Adaptation 
All stakeholders (need to) 
adapt 
Indirect acoustic 
effect (adaptation) 
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Figure 8 - Schematic representation of the outcomes of the group interview - the grey arrows represent relationships between 
users and outcomes; the relationship between residents and outcomes is mediated through staff observations (dashed arrow) 
 
5. DISCUSSION 
This study aimed at testing a mixed quantitative-qualitative approach for the management and 
assessment of the acoustic environment in nursing homes. The analysis of the acoustic 
requirements in nursing homes in several countries around the world showed an evolving normative 
context, where reference values for building acoustics performance metrics are changing and more 
factors are being taken into account to possibly satisfy a stronger drive towards the “user 
experience” of the space. Thus, having in mind the exploratory character of this work, some recent 
trends in soundscape research (i.e., qualitative approach) for this type of care facilities were 
considered first. Subsequently, a literature review was performed to highlight studies that 
investigated the acoustic environments of nursing homes using physical metrics (i.e., quantitative 
approach). The case study of the AcustiCare project aimed at combining these methodological 
approaches, by implementing acoustic correction interventions in five nursing homes in Belgium 
and measuring their effectiveness both objectively and subjectively. 
 
5.1. Noise environments in nursing homes: state of the art 
The interest for perception-oriented (i.e., soundscape-based) methodologies for the acoustic 
environments of nursing homes is growing in the research community, and this is confirmed by the 
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increasing number of related studies in the scientific literature. However, such studies are often 
only qualitative in nature and not supported by physical acoustic data. 
The outcomes of the literature review conducted in Section 2 reveal that there is a limited corpus 
of studies dealing with the characterisation of the acoustic environments in care facilities for older 
adults. Due to the substantial differences in measures across the retrieved studies, it was not 
possible to perform any statistical or quantitative meta-analysis on the data. The type of 
measurements deployed in those studies point out a first mismatch between what topics are of 
interest for the care facilities stakeholders, and what tools the normative framework is actually 
providing. The current (and future) standards mainly look at passive acoustic requirements of 
building spaces or building elements (e.g., sound insulation performance, reverberation time, etc.). 
On the other hand, professionals of the sector seem to be keener to monitor medium- to long-term 
ambient noise levels in the care facilities and investigate how these can affect the experience of the 
place and/or induce behavioural changes for staff and residents. Equivalent sound levels were 
indeed used in all the four studies considered in the literature review, even though the reference 
time interval differ between papers. Jerlehag et al. (2018) and Brown et al. (2016) referred to shorter 
time intervals (Leq-1min and LAeq-5min, accordingly), while Peng et al. (2018) relied on day- and night-
long background noise level (BNLs) measurements. In nursing homes, levels related to longer 
integration intervals are probably better used in combination with other peak level values (e.g., 
LA,peak,max), as the comparison of the two allows for the identification of potentially disturbing events 
and sound sources (van Hout, Hak, Suren, & Kort, 2014), while monitoring based on shorter time 
intervals alone (e.g. 1-minute levels integration) might be “too detailed” for noise events to be 
clearly interpretable. A 15-minute interval as proposed in Aletta et al. (2017a; 2017b) might be a 
sensible trade-off between the need of having a temporal resolution which is detailed enough to 
identify noise events occurring locally, and letting macro-scale patterns related to activities and 
behaviours taking place in the facility to emerge and be observable for the research and 
management teams. 
 
5.2. Combining quantitative and qualitative methods: the experience of the AcustiCare project 
Looking at the case study developed within the AcustiCare project and reported in Section 3, several 
points emerged from the characterization of the ante operam acoustical situation in the five nursing 
homes. Firstly, in terms of noise levels, highest levels were measured in living rooms, typically 
ranging between 55 dB and 60 dB during the day. From comparison between nursing homes, a 5dB-
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difference between median levels could be observed. Secondly, the building acoustic performance 
was measured and compared to the target values proposed in the Belgian standard. One aspect to 
bear in mind is that the new standard will differentiate more between the different functions of the 
facilities. For airborne sound insulation, the reference values will be: DA = DnT,W + C ≥ 50 dB between 
bedrooms; DA ≥ 38 dB between bedroom and corridor, and DA ≥ 54 dB between bedroom and 
community room. For impact sound insulation, the reference values will be: L’nT,w ≤ 60 dB between 
bedrooms, L’nT,w ≤ 60 dB from corridors to bedrooms, and L’nT,w ≤ 50 dB from living rooms to 
bedrooms. Generally, acoustic comfort in (in terms of T500Hz–2kHz) and acoustic insulation between 
residents’ rooms (in terms of DnT,w and L’nT,w) complied with the current standard. The current target 
value of DnT,w = 44 dB was often met, with DnT,w = 49.7 dB on average for airborne sound insulation 
between residents’ rooms. However, the new standard requirement will be DA = 50 dB. The average 
DA = 48.4 dB of the case study would not comply; although the proposed standard does allows a 
margin of 2 dB due to measurement uncertainties. 
Sound insulation between corridor (and living room) and the residents’ rooms was rather low, with 
a low average DnT,w -value of 27.3 dB and high average L’nT,w-value of 66.9 dB. For the former DA = 
26.5 dB should be compared with the new standard requirement DA = 38 dB; thus, the requirement 
would not be reached. For the latter, the impact noise sound insulation between residents’ rooms 
on the same floor was L’nT,w = 56.7 dB on average, thus complying (for horizontal transmission, but 
not for vertical transmission) with the value proposed in the new standard (L’nT,w = 60 dB). Regarding 
the acoustic comfort a large spread on T500Hz–2kHz was seen for living rooms and corridors. While 
some cases complied with the target value of 0.8 s resp. 1.2 s, in most cases however higher values 
were measured. After the installation of the technical interventions agreed with the project 
partners, the general acoustic performance was assessed again. Regardless of whether values were 
complying or not with the current (and future) standards, the comparison between measurements 
conducted before and after the implementations show that with relatively limited interventions it 
is possible to improve significantly the acoustic performance of these facilities in terms of sound 
insulation (i.e. room-to-room situations) and room acoustics (i.e. in-room situations) with increases 
of DnT,w-values of 5 dB and 11 dB and decreases of L’nT,w-values of 12 dB and 13 dB, and room 
acoustics (i.e. in-room situations) with decreases of T500Hz–2kHz -values ranging between 0.27 s and 
0.75 s seconds. Nevertheless, other issues (e.g. leaks of the doors) are more problematic to address 
in a retrofitting approach. 
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The comparison between the ante and post conditions of the data from the sensor nodes showed 
instead little effect on the average (one-week) noise levels measured in the nursing homes. 
However, increasing the amount of absorbing surfaces and materials in the investigated cases 
significantly reduced the reverberation times of those environments and, even if only to a small 
extent, it also reduced noise levels by possibly helping to contain sound propagation from specific 
sources. In particular, the curtain solution in one of the bedrooms of the nursing homes (SV) was 
quite effective in reducing the occurrences of moderately high sound levels (i.e. above 65 dB). 
Regarding the results of the qualitative data gathered via the focus group, the emergence of both 
acoustic and non-acoustic perceived effects induced on users by the noise mitigation interventions 
highlights the importance of integrating different design strategies for the quality of the space of 
nursing homes. This is in line with previous literature that suggests looking holistically at the 
environmental quality of such facilities (see, e.g.: Fleming & Purandare, 2010; Hayne & Fleming, 
2014). Participants of the focus group interview acknowledged that acoustic interventions might be 
more difficult to implement in nursing homes hosted in relatively old buildings (e.g., 40+ years old) 
and designing facilities with good acoustics is much more convenient and cost-effective than a 
retrofitting approach. However, enhanced acoustics should be considered in combination with 
other environmental factors, as some staff members might also “resist” to the implemented 
acoustic interventions if these are not seen as fitting the overall strategy of the nursing home 
functioning. The improvement potential of better acoustics and soundscapes can be optimized 
when it is followed by awareness and behavioural changes in staff members. 
This work presents of course some limitations. A main point is related to the generalizability of the 
results of the current study to other test sites and contexts. In particular, the perceived effectiveness 
(or lack thereof) of the acoustic correction interventions might be specific to the analysed case 
study. However, contribution of this work should be seen as methodological in nature, aimed at 
proposing a combined quantitative and qualitative approach in applications where typically only 
one is adopted (and more often the former, rather than the latter). It would be desirable to see 
more studies on the acoustics of nursing homes in the future being driven by mixed methods, as 
these are likely to return a more comprehensive overview of the issues at stake. In this vein, the 
present work was aiming more for transferability rather than generalizability (Patton, 2002) 
(Palinkas, Horwitz, Green, Wisdom, Duan, & Hoagwood, 2015). The qualitative part of the data has 
the limitation of not taking into account a direct feedback from the residents’ group, but only a 
mediated one (i.e., via staff members); however, this has been deemed to be acceptable in similar 
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studies and similar contexts (van den Bosch, 2015). Another possible issue related to the qualitative 
part of the study is the timing of data collection with staff members, as this occurred shortly after 
the implementation of the acoustic retrofits. Individuals’ adaptation and habituation effects might 
indeed play a role for the perception of the retrofitted acoustic environment in the nursing homes 
in the long term and this indeed was also mentioned during the focus group interviews. While such 
processes were not explicitly part of the experimental design or research questions, they are 
definitely worth considering since they could have significant weight in terms of perceived 
effectiveness. 
 
6. CONCLUDING REMARKS 
In general, more articulated strategies might be needed when managing their acoustic 
environments, rather than a one-fits-all approach. Graham (2018) reported that “acoustical 
separation” (i.e., physically separating residents to avoid acoustical interactions and contain noises) 
was a common strategy in nursing homes, to reduce personal agency and allow the institution to 
control the organisation of daily patterns and their corresponding acoustical environments. On the 
other hand, the soundscape (and more recently indoor soundscape) approach proposes an 
integrative process where sound sources and residents’ personal agency are combined and acoustic 
environments are co-created taking into account both their physical and perceptual characteristics 
(Devos, et al., 2018). As Graham (2018) observed, “the relationship to environment includes the 
experience of sounds. When those sounds are meaningful and familiar, they may facilitate people’s 
connection to self-identity and connection to the people around them.” 
Considering the overall results of this study, it is important to highlight that nursing homes have 
very peculiar functional patterns, both in terms of use of the spaces and daily routines (e.g. recurring 
activities and sound sources). Each nursing home is unique in its own characteristics and has to deal 
with a continuously changing group of users (high turnovers), for both residents and staff members. 
Assessing the acoustic environments of these facilities might require a multifaceted and more 
articulated approach than what is commonly deployed for other functional buildings, and tailored 
solutions will possibly have to be deployed for better soundscapes and acoustic environments. 
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